The aim of the study was to assess the activity of lysosomal enzymes: aminopeptidases, including alanine aminopeptidase (AlaAP), leucine aminopeptidase (LeuAP), arginine aminopeptidase (ArgAP), and glycosidases, such as β-galactosidase (BGAL), β-glucuronidase (BGRD), β-glucosidase (BGLU), N-acetyl-β-hexosaminidase (HEX), α-glucosidase (AGLU) and α-mannosidase (MAN) in the liver of ostriches (n = 80) fed diet supplemented with linseed (4% and 8%) and rapeseed (5% and 10%), with low and high level of vitamin E. (40 and 100 mg). The results indicate that higher level of vitamin E or 4% linseed supplementation in ostrich diet generally increase the activity of glycosidase enzymes and decrease the activity of aminopeptidases in the liver. The 8% linseed and rapeseeds feeding in decreased the activity of AlaAP, LeuAP, and ArgAP and increased only the activity of BGLU.
Introduction
In the recent 15 years, a growing interest in ostrich farming has been observed worldwide (also in Poland) since these birds provide meat, skin, feathers, and eggs (7-10, 13-16, 26, 27) of a high quality. The quality of these products is influenced by many factors, including inter alia feeding and maintenance systems (23) . However, both of the mentioned factors may lead to disturbances of homeostasis in animals. It concerns especially diet since the metabolic processes in animal cells depend, on specific rate of synthesis and degradation of basic energetic compounds, i.e. proteins, carbohydrates, and lipids. These processes are determined by current activity of respective enzymes, i.e. lysosomal enzymes, such as aminopeptidases and glycosidases playing an important role in the restoration of physiological homeostasis, which can be affected by different stress factors, including diet (2, 12, 30) . Aminopeptidases play a major function in regulation of some bioactive peptides in cells. They are generally zinc metalloenzymes, which are involved in the regulation of hormones and other biologically active substances in tissues (2, 29) . The aminopeptidases play a key role in the control of protein turnover processes. In turn, glycosidases and aminopeptidases are generally glycoproteins of lysosomal origin that catalyse the hydrolysis of glycoproteins, glycolipids, and glycosaminoglycans, as well as synthetic substrates (17, 18) . They accomplish an important role (partially known) in physiological conditions, and their dysfunction causes pathological processes.
To improve the dietetic value of meat of farm animals supplementation of a diet with either seeds of oil crops (linseed and rapeseed), or oils rich in nonsaturated fatty acids are often used. These dietary components allow to modify the profile of fatty acids in the tissues. However, this type of supplementation may sometimes lead to changes in biochemical processes in the liver, since these plants, especially rapeseed, contain some anti-nutritional factors (glucosinolates or erucic acid). Thus, the aim of the study was to evaluate the influence of long term supplementation of ostrich diet with different levels of linseed, rapeseed, and vitamin E on the activity of some aminopeptidases and glycosidases in ostrich liver.
Material and Methods
Birds and diets. The experiment was carried out on 80 ostriches raised in ten equal groups on a commercial farm in western part of Poland (the farm is supervised by the Institute of Genetics and Animal Breeding of the Polish Academy of Sciences). Since 5 th month of age, the birds were kept on 10 pelleted diets offered according to 2% body weight (b.w.). Control diet (C) was made of barley, wheat, wheat bran, and soybean meal, with low content (40 mg) of vitamin E, as previously described by Poławska et al. (24) . Experimental diets were made on the basis of the control diet, which was partially replaced (w/w) with linseed (4% or 8% -diet L4 and L8, respectively), or rapeseed (5% or 10% -diet R5 and R10, respectively), with low (40 mg), or high (100 mg) content of vitamin E (L and H groups). All diets were iso-proteinous (about 150 g of crude protein/kg) and iso-energetic (about 11 MJ/kg). At the age of 12 months and reaching about 95 kg of live body weight, the birds were fasted for 24 h, electrically stunned, and slaughtered at the commercial abattoir with UE certificate.
Sampling. The fragments of the liver were sampled immediately after slaughter (max 40 min) and frozen in LN2. Then, the samples were homogenised in 0.1 M phosphate buffer (pH 7.0) with 0.1% Triton X-100.
Determination of enzymes. (21) . The activity of ACP, BGRD, BGAL, BGLU, AGLU, MAN, and HEX were measured as 4-nitrophenyl derivatives at 420 nm (spectrophotometer UV-VIS CarryBio 50) according to Barrett and Heath's method (4).
The chemical assays, as well as substrates for determination of enzymes and proteins were purchased from Sigma-Aldrich Co.
Statistical analysis. The statistical analysis was carried out with the Statistica software (StatSoft ver. 9.0). Two way-ANOVA was used, with the oil seeds supplementation and level of vitamin E as factors. The significance of differences between means was tested with the Tukey-test. The study obtained the acceptance of the Third Warsaw Local Ethics Committee for Animal Experimentation at SGGW. Table 1 presents the activity of aminopeptidases including AlaAP, LeuAP, and ArgAP in the liver in relation to different levels of linseeds and rapeseed supplementation, as well as the lower and higher levels of vitamin E in the birds' diet. An increase in vitamin E content in the diet significantly decreased the activity of AlaAP and ArgAP; AlaAP -from 412 (low vitamin E -L) to 327 (high vitamin E -H) and ArgAP -from 629 (low vitamin E) to 512 nmol/mg protein/h (high vitamin E in the diet).
Results
The rapeseed supplementation as compared to control (Table 1 ) decreased the activity of AlaAP (312 and 307 nmol/mg protein/h, in R5 and R10 group, respectively), whereas in the linseeds groups (374 and 440 nmol/mg protein/h, in L4 and L8 group, respectively) the activity remained at the same level as in C group (421 nmol/mg protein/h). The activity of LeuAP was the highest in control group (609 nmol/mg protein/h), lower in rapeseeds groups (596 and 545 nmol/mg protein/h, in R5 and R10 group, respectively) and the lowest in linseeds groups (434 and 471 nmol/mg protein/h, in L4 and L8 group, respectively). As compared to the control group (607 nmol/mg protein/h), the activity of ArgAP decreased significantly (P < 0.05) only in R10 group (497 nmol/mg protein/h), whereas in other groups remained at the similar level (on average from L4, L8, and R5 groups 587 nmol/mg protein/h). Table 2 presents the effect of dietary supplementation on the activity of glycosidases in the liver. The liver of birds fed the diet supplemented with 4% linseeds (L4 group) had significantly higher (P < 0.05) activity of BGRD (116 nmol/mg protein/h), Aglu (143 nmol/mg protein/h), BGAL (430 nmol/mg protein/h), BGLU (93 nmol/mg protein/h), and MAN (206 nmol/mg protein/h), except the HEX (2050 nmol/mg protein/h), as compared to the liver of birds fed control diet (91, 119, 284, 55, 144, and 1685, BGRD, Aglu, BGAL, BGLU, MAN, and HEX respectively). Long term supplementation with 8% linseed (L8 group) and rapeseed (R5 and R10 groups) caused a significant (P < 0.05) increase in BGRD activity (133, 121, and 143 nmol/mg protein/h in L8, R5, and R10 groups, respectively), as compared to the liver of birds fed control diet. Although, the activity of ±150.0 C -control group; L4 -diet with 4% of linseed; L8 -diet with 8% of linseed; R5 -diet with 5% of rapeseed; R10 -diet with 10% of rapeseed, L -low vitamin E (40 mg), H -high vitamin E (100 mg); a-b -the values signed with various letters differ significantly (P < 0.05) Symbols as in Table 1 other enzymes increased, the differences were not significant. A significant (P < 0.05) increase in the activity of all determined glycosidases (by 84%, 167%, 143%, 197%, 36%, and 63% of BGRD, Aglu, BGAL, BGLU, HEX, and MAN, respectively) was observed in the liver after supplementation with higher level of vitamin E ( Table 2) .
Discussion
A decrease in the activity of aminopeptidases in ostrich liver after diet supplementation especially with higher level of vitamin E was demonstrated. It may suggest that adding higher amounts of vitamin E to the diet can prevent ostrich liver from oxidative processes. It should be underlined that vitamin E is the major lipid-soluble antioxidant in the cell antioxidant defence system, and is only obtained from the diet (3, 28) .
The inhibition of aminopeptidase activity may be associated with the syndrome of fatty liver (hepatic steatosis) (18, 22) . Long-term addition of oil supplements to diet may lead to accumulation of fat in hepatocytes and the appearance of hepatic steatosis. For example, increased lipid content in the liver depends on excess of lipid diet, diminished export of lipids from the liver in very-low-density lipoproteins, and reduced oxidation of fatty acids (1) . Long term fat (LTF) diets increase the level of lipid fraction in body tissues, especially in the liver, and may even cause pathological changes in the liver structure (18) . These diets contribute to obesity, as with the caloric excess adipose tissue expands to accommodate this increase in exogenous lipids, and endogenous lipid synthesis. De novo lipogenesis occurs in both liver and adipose tissues, and can be stimulated by high carbohydrates and high fat diets (22) . High cholesterol diet, inducing enlarged gray-white coloured liver, indicates that prolonged intake of its large amounts has a significant effect on metabolic processes in the liver (18) . This was also confirmed in our study during post-mortem examination of ostrich liver. An enlarged yellow fatty liver was observed in ostriches fed 10% rapeseed additive in the diet.
A decrease in the activity of aminopeptidases also leads to disturbances of esterification of fat metabolic products, and their utilisation, which depends on intracellular triacylglycerols breakdowns. Kuma et al. (19) reported that autophagy is involved in lipid metabolism. An inhibition of autophagy in hepatocytes leads to the higher content of lipids in the liver. The study of Turek et al. (29) demonstrated that linseed oil induced a 15% increase in leucine aminopeptidase compared to corn oil in rat macrophages. Gonzalez et al. (11) revealed that supplementation of olive oil tended to decrease the activity of hepatic enzymes in rats.
Generally, an increased activity of all investigated glycosidases -especially of BGRD, after long term supplementation with linseed and rapeseeds in groups with higher level of vitamin E was observed. Our early study showed an increase in the glycosidases activity in the lysosomal and microsomal subfractions of the liver after vitamin E injections (28) . Lutz et al. (20) demonstrated that an antioxidant vitamin supplementation induces modifications of composition of the liver microsomal fractions in the rat. It was particularly involved in the activity of enzymatic system taking part in the metabolism of endogenous substances and xenobiotics, e.g. microsomal glucuronyltransferase (UDP-GT) (6, 28) .
The higher activity of glycosidases can be confirmed by an increase in lipolytic processes occurring in the liver of ostriches fed lipids. A similar effect was observed in rabbits fed cholesterol-enriched diets (18) . Beck and Drevon (5) showed that diets differently enriched with lipids and cholesterol lead to an increased activity of β-acetylglucosaminidase and β-glucuronidase in guinea pig liver. An impaired secretion of lipoproteins could be a result of an impaired synthesis of apoproteins due to an insufficient supply of essential amino acids in the liver. It is possible that the protein synthesis in the liver was limited by lower enzyme activity, because most of the exogenous amino acids supplied with the diet were preferentially used for muscle growth. Glucosidases can exert either beneficial or harmful effects, as they form aglycones from a range of different plant glucosides, which might exhibit either toxic/mutagenic or health-promoting effects (1) .
It should be also underlined that the linseed supplementation not only has much more positive effect on fatty acid composition of ostrich meat, which was confirmed in the previous study conducted by Polawska et al. (25) , but linseed is a valuable source of fitooestrogenes, which belong to strong antioxidants, helping to keep the redox processes at the optimal level (1).
In conclusion, a decrease in the activity of aminopeptidases was mainly caused by supplementation of ostrich diet with rapeseed in combination with higher level of vitamin E. The linseed and vitamin E supplementation led to an increase in the activity of glycosidases and protects liver from lipid accumulation. The obtained results suggest that the supplementation of linseed in the ostrich diet has beneficial effect not only on the quality of meat but also on the health status of birds.
